The laryngeal mask airway (LMA) is used to facilitate adequate ventilation in the majority of procedures requiring general anaesthesia in the UK. Excessive LMA cuff pressure and/or volume, generated by injection of air to form an adequate seal within the upper airway, has been associated with pharyngolaryngeal morbidity, an indicator of quality in anaesthetic practice. However, measurement of LMA cuff pressure to limit excessive cuff pressure is not routine practice, despite trial data showing this reduces adverse outcomes. Our aim was to reduce morbidity from the LMA through the implementation of an educational and interventional program targeted at anaesthetic nurses and operating department assistants (ODA), to alter their physician colleagues' practice. LMA cuff pressure measurements were made, and postoperative outcomes recorded, in an observational cohort of surgical patients over an initial 2-month period. These results, including patient morbidity and the evidence for LMA cuff pressure measurement, were presented to anaesthesia providers and their assistants. An implementation plan to adjust pressures within recommended levels was then undertaken by anaesthesia assistants.
Problem
The laryngeal mask airway (LMA) device facilitates effective ventilation in the majority (56%) of 2.9 million patient-episodes of general anaesthesia per year in the United Kingdom (1) . Used in over 200 million patients worldwide, the LMA device is associated with appreciable, adverse patient-related perioperative outcomes, ranging from sore throat, delayed discharge, and (rarely) lifethreatening complications (2) . Insufflation of air into the cuff of the LMA (usually by an anaesthetic assistant in the UK) maintains a patent airway under general anaesthesia through its close apposition with the pharyngolaryngeal anatomy (3). In the event of an excessive volume of air being insufflated, and therefore excessive pressure generated, local tissue trauma may develop.
Recent data has confirmed manufacturers' warnings that higher cuff inflation pressures are associated with pharyngolaryngeal morbidity (2) . However, routine measurement of LMA cuff pressures in theatres is rarely practiced, perhaps reflective of a wider reluctance to adopt evidence-based practice in this clinical arena. There were no guidelines in place at UCLH governing the measurement of cuff pressures in theatres. We sought to improve the quality of LMA practice in our institution through an implementation program to change anaesthetists' practice by targeting and empowering anaesthesia assistants.
Background
The LMA has transformed anaesthetic practice and as designs have evolved, their application has widened. They are now used in 56% of the 2.9 million general anaesthetics given in the UK each year (1).
Over the years the overall safety of anaesthesia has improved considerably. As a consequence, major morbidity after ambulatory surgery is rare. Addressing the more minor consequences, such as pharyngolaryngeal morbidity, therefore becomes increasingly important from the patient's perspective in improving their experience and overall satisfaction. Sore throats have been reported as one of the most undesirable outcomes in the postoperative period (4) and adversely affects patient experience.
Studies have reported that post-operative sore throats following the use of an LMA may be as high as 42% (5) . Excessive cuff pressures and malposition of LMAs may also lead to the less common, but more serious, consequences of nerve injury and vocal cord paralysis.
Previous research, including a prospective randomised trial carried out by Seet et al (2) , has concluded that using manometers to ensure that LMA cuff pressure did not exceed 60cmH2O reduces pharyngolaryngeal morbidity by 70%.
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In today's healthcare climate, with an ever growing emphasis on patient safety, the search is on to find the means and ways of reducing iatrogenic injuries arising from patient care. The results showed that almost all LMA cuffs were overinflated and only four (5%) were inflated to within the manufacturers' recommended pressure of <60cmH2O. In addition to this, 57 (63%) of recorded readings exceeded the scale of the manometer and were therefore recorded as >120cmH2O (see Figure 1 ). 25 (27%) patients reported a sore throat in recovery and 20 (83%) of these were deemed mild.
Baseline Measurement
None of the four patients who had a cuff pressure within normal limits developed a sore throat. Conversely, 16 out of 25 (64%) who developed a sore throat had a cuff pressure >120cmH2O.
Design
Following the first cohort, LMA cuff pressure data and postoperative outcomes were presented to the department of anaesthesia and anaesthetic assistants.
The results showed that LMA cuff pressure was not routinely measured in theatre and that the vast majority (96%) of patients had cuff pressures greater than those recommended by the Royal College of Anaesthetists and manufacturers of the devices.
It has been shown that estimating cuff pressures by palpation of the pilot balloon is inaccurate and a manometer should be used.
As a result of these findings the anaesthetic department at UCLH invested in manometers to ensure that there was one available in each theatre. The anaesthetic assistants received educational guidance on using the manometers and adjusting the cuff pressure to within recommended limits (<60cmH2O). During the initial audit the anaesthetic assistants had watched us measure numerous cuff pressures in theatre so were already familiar with their use. The educational programme began with the verbal presentation of the initial findings and demonstration of inflating and measuring LMA cuff pressure using a manometer. Explanation of the dangers of overinflation, the improved seal with reduced cuff pressures, and the avoidance of morbidity such as sore throat were given. The manometers purchased were very user friendly and clearly demonstrated appropriate inflation pressures using a colour coded scale. We visited each theatre and observed the anaesthetic assistants using these manometers in patients.
Adherence to this change in practice was audited 6 months later.
Strategy
The failure of perioperative medicine to implement such evidencebased practice is observed across similar medical disciplines: despite repeated efforts, clinical practice guidelines infrequently alter physician behaviour (7, 8) . Physician adherence to guidelines may be hindered by a variety of barriers (9) . The chief barriers preventing alterations in LMA practice by the anaesthesia team are likely to hinge on outcome expectancy (lack of local evidence), an inability to overcome the inertia of previous practice, and external barriers such as lack of manometers. To address each of these possibilities, we applied principles gleaned from the analysis of implementation programs that have been associated with successful intermediate results (10) . First, we ensured that all anaesthesia providers had clear involvement in the quality improvement efforts, enabling agreement with, and adherence to recommendations, whilst improving knowledge and delivery of best practice. Second, the joint involvement of anaesthetists and anaesthetic assistants ensured that teamwork was a major component of the implementation process. The fact that the anaesthetic assistants knew the benefits of using a manometer allowed them to feel more confident in explaining the importance of their use if challenged by the attending anaesthetist. Since this implementation program, the use of manometry as a standard of care for LMA insertions has been adopted as standard of care at University College Hospital.
Results
Following the introduction of manometers and education programme, we measured the cuff pressures of 102 patients with LMAs. The availability and use of manometers had resulted in a measurable decrease in LMA cuff pressures. The number of LMA pressures that were within the recommended limits increased from 5% to 43%. Those that exceeded the capabilities of the manometer reduced from 64% to 16%. Although we did not specifically measure the time taken to perform the measurement, it only takes a matter of seconds and therefore adds no significant time to that Page 2 of 4 spent in the anaesthetic room.
Our data confirmed correlation between elevated cuff pressures and incidence of sore throat (p<0.0000001). There was a reduction in sore throat in those patients in whom a manometer was used however this was not statistically significant.
Lessons and Limitations
Despite the change in practice with the provision of manometers in all theatres and the implementation of staff education, adherence to the recommended standards remained suboptimal. In order to ensure that the improvements are maintained and built upon, such that the guidelines are followed 100% of the time, ongoing training is required.
High staff turnover and the use of agency anaesthetic assistants compound the difficulties in ensuring that these improvements are sustained. The education and training must be regularly repeated and incorporated in to the local induction programme.
Repeat audit of departmental practice, as a way of quantifying adherence to these guidelines, is required and comprises one of the pillars of clinical governance.
Conclusion
Since this implementation program, the use of manometry as a standard of care for LMA insertions has been adopted as part of routine practice at University College Hospital.
The introduction of manometers resulted in a measurable decrease in intracuff pressures. The number of LMA cuff pressures within the recommended limits increased from 4% to 43%. Those that exceeded the capabilities of the manometer reduced from 64% to 16%.
Routine manometry to keep cuff pressure within normal limits is associated with reduction in the incidence of pharyngolaryngeal morbidity. This is a very important finding given the number of patients undergoing general anaesthesia with LMAs world wide, with the potential to significantly reduce post-operative morbidity and improve patient experience.
Implementation of best anaesthetic practice requires a systematic team approach, specifically empowering non-physician assistants to deliver optimal care.
